Background: Acute effects of UV irradiation include UV-induced erythema. Sunlight plays an important role in the development of skin cancer. Several predictive factors of UV-induced erythema could also be predictive for skin cancer. Objective: Our objective was to quantitatively assess phenotypical and nutritional determinants of sensitivity to UV irradiation, as assessed by the minimal erythema dose (MED). Design: We conducted a cross-sectional study among 335 volunteers. Sensitivity to UV irradiation was established through assessment of the MED. Phenotypical determinants, including skin melanin content, hair color and iris color were determined by skin reflectance spectrometry, a subjective questionnaire and an objective classification system, respectively. Furthermore, dietary exposure was measured by carotenoids, vitamin C, retinol and a-tocopherol in serum. Results: Male subjects were found to be more sensitive to UV irradiation; that is, the MED was significantly lower compared to female subjects. Skin melanin content, which was positively associated with iris color in both sexes and with hair color in men, was the main phenotypical determinant of sensitivity to UV irradiation. No associations were found between serum carotenoids and MED in the total study group. Vitamin C was inversely associated with MED. However, associations between carotenoids concentrations and MED showed a positive trend in subjects with melanin values above and a negative trend in subjects below the median after adjustment for gender and total cholesterol. Conclusions: Skin melanin content and gender are important determinants of sensitivity to UV irradiation. No relation was found between serum carotenoids and MED in the total study group. The inverse association between vitamin C and MED was against our hypothesis. For the modifying effect of melanin on the association between carotenoids and MED, we do not have a clear biological explanation.
Introduction
The effects of solar irradiation on human health predominantly result from ultraviolet (UV) light absorption by the skin and eyes. An important beneficial effect is the stimulation of production of vitamin D 3 in the skin, which is essential for calcium absorption and bone formation (Bikle & Pillai, 1993) . Sun exposure may also stimulate the physical and mental condition of people (Meesters et al, 1990) . On the other hand, UV irradiation could also cause damage in light-exposed tissues; in the skin this may lead to sunburn, skin aging, immunosuppression and skin cancer (Lapière, 1990; Brash et al, 1991; Kripke et al, 1992; Vink et al, 1996) .
Sunburn is a well-known acute effect of excessive UV exposure. Low dose or short exposure to UV irradiation is tolerated by the skin without noticeable or clinically relevant changes. Only after reaching a certain threshold, a delayed and prolonged vasodilation develops allowing passage of lymphocytes and macrophages into the tissue and inducing an inflammatory response, which is clinically visible as erythema (Luger & Schwarz, 1990; Boelsma et al, 2001) .
Erythema is the most clinically apparent component of a sunburn reaction. A frequently used measure for the skin's sensitivity to UV irradiation is the minimal erythema dose (MED). One MED is the minimal amount of energy required to induce visible erythema, which can be defined as a uniform, clearly demarcated or a just perceptible redness at 16À24 h after UV exposure. Thus, a low MED indicates a high sensitivity to sunburn (Boelsma et al, 2001) .
Several factors, such as skin type and hair color may be predictive of UV-induced erythema (Azizi et al, 1988) . In epidemiological studies on skin cancer, it has been found that phenotypical factors, such as eye color, hair color, skin type and skin color are major determinants of skin cancer risk (Bliss et al, 1995; Lock-Andersen et al, 1999; Armstrong & Kricker, 2001) .
Besides these phenotypical determinants, nutritional compounds are likely to influence the UV-induced erythema reaction by modulation of the inflammatory response. This may be mediated by diet-derived compounds, capable of scavenging reactive oxygen species (ROS), which are generated during the UV-induced inflammatory response (Bast et al, 1998) .
The effects of several nutritional compounds on MED, including carotenoids and vitamins E and A have been studied in small intervention studies. The results of these studies were, however, inconclusive and contradictory (La Ruche and Cesarini, 1991; Werninghaus et al, 1994; Garmyn et al, 1995; Gollnick et al, 1996; Eberlein-König et al, 1998; Fuchs & Kern, 1998; Wolf et al, 1988; Lee et al, 2000; Stahl et al, 2000) . Moreover, all these studies used synthetic (pure) compounds in relatively high dosages compared to the normal physiological range of vitamins and carotenoids.
The objective of the present study was to assess quantitatively phenotypical and nutritional determinants at a usual exposure level of skin sensitivity to UV irradiation. To address the objectives, the associations between skin color, iris color, hair color and skin sensitivity to UV irradiation were evaluated. Furthermore, we investigated whether carotenoids and vitamins were associated with skin sensitivity to UV irradiation in subjects with normal dietary intake levels.
Subjects and methods

Subjects
The subjects in our study were recruited from the pool of volunteers of TNO Nutrition and Food Research and through advertizing in local and regional newspapers and on television. The cross-sectional data analyzed here were gathered during the baseline measurements of an intervention study designed to test an unrelated hypothesis. Advertizing aimed at recruiting people with a general interest in participating in nutrition studies. Respondents who expressed potential interest received a questionnaire eliciting data on daily fruit and vegetable consumption, and lifestyle factors, such as smoking habits and alcohol consumption. This questionnaire was designed for ranking subjects according to their intake and not for quantitative measurements. A total of 2734 out of 6900 questionnaires were returned. Respondents in the highest quintile of fruit and vegetable consumption, and those in the lowest tertile (calculated in the total group) were invited for an oral briefing and screening. In the lowest stratum, vitamin supplement users were excluded. The major inclusion criteria were an age of 18-75 y and consumption of an average Western diet. The main exclusion criteria were pregnancy and/or lactation or wishing to become pregnant, serum cholesterol 47.5 and/or triacylglycerol 42.3 mmol/l if not under stabilized hypercholesterolemia/hyperlipidemia treatment and anticoagulant therapy. A total of 380 volunteers entered the study. Informed consent was obtained from all subjects.
The study was performed according to the ICH (International Conference on Harmonization of Technical Requirements of Registration of Pharmaceuticals for Human Use) guidelines for good clinical practice, and was approved by an external Medical Ethical Committee. The study was conducted at the Department of Nutritional Physiology of TNO Nutrition and Food Research, Zeist, Netherlands.
UV skin-sensitivity test
The MED of each volunteer was assessed to determine the sensitivity to UV irradiation. Six areas (1 cm 2 each) within a total area of 35 cm 2 on the buttock skin were irradiated with solar simulator (Oriel Corp., Stratford, USA) equipped with a 150 W Xe arc lamp filtered with a 309 nm long-pass filter (#59450 Oriel Corp., Stratford, USA) including about 2 and 0.1% transmission at 290 and 285 nm, respectively. Incrementing doses were used with a 1.25 geometric progression factor between each successive UV (UVB and UVA) dose. The solar simulator emits 7.2% UVB (280-315 nm) and 92.8% UVA (315-400 nm) radiation. The test sites were free from blemishes and had an even color tone. During exposure, the subject was in a sitting and upright position. The following day, that is, 2074 h after the irradiation, the dose resulting in a just-perceptible redness was recorded as each volunteer's personal MED (MED). A PMA2100 dosimeter (Solar Light, Philadelphia, PA, USA) equipped with a biologically weighted UVB sensor (PMA2103) was used to determine the dose of biologically effective UV irradiation. The sensor's spectral response followed closely the erythema action spectrum (McKinlay & Diffey, 1987) .
One standard MED (sMED) was the effective dose of irradiation capable of causing minimum erythema in an average skin of phototype 2 (in accordance with Fitzpatrick et al, 1974 : always burns easily; tans minimally). According to the PMA 2100 dosimeter, 1 sMED ¼ 210 J/m 2 at 297 nm.
Determination of skin melanin
Melanin content was measured on the nonexposed buttock skin using a Mexameter (MX16, Courage & Khazaka Electronic GmnH, Cologne, Germany) at another visit of the subjects 1 y later than the MED determination. In this instrument, light was emitted at three defined wavelengths 568 nm (green), 660 nm (red) and 880 nm (infrared). A photodetector measured the light reflected by the skin. A melanin index (brown color) was computed from the intensity of the absorbed and the reflected light at, respectively, 660 and 880 nm. Melanin indices were expressed as arbitrary units (a.u.).
Determination of iris color
Iris color was graded by a five-grade classification system, performed by one single investigator (Seddon et al, 1990) . Briefly, blue and gray irises were classified as grade 1 or 2. These grades were distinguished by assessing the proportion of total iris area with brown or yellow pigment. A green iris was assigned grade 2 or 3. Similarly, these grades depended on the extent of brown or yellow pigment in the iris. A predominantly brown iris was assigned grade 3, 4 or 5, depending on the intensity of the yellow or brown pigment.
Determination of hair color
Subjects were asked to indicate their natural (undyed) hair color in accordance with a six-point scale (red, light blond, dark blond, brown, black or gray). If they had gray hair, they had to indicate their original hair color (red, light blond, dark blond, brown and black). The original hair colors of the volunteers were used in the analyses.
Blood sampling
For the analysis of carotenoids, retinol and a-tocopherol, blood was collected in tubes containing clot activator and gel (Becton Dickinson, Vacutainer systems, Netherlands). These tubes were immediately stored in a closed box to avoid breakdown of carotenoids by UV irradiation. Tubes were centrifuged within 15-30 min after collection at ca. 2000 Â g for 10 min at ca. 41C to obtain serum. After centrifugation, serum was removed and stored at ca. À801C. All serum handling before storage was done in subdued light. For the analysis of vitamin C, blood was collected in tubes containing lithium heparin (Becton Dickinson, Vacutainer systems). A 0.5 ml aliquot of blood was added to 2 ml metaphosphoric acid (50 g/l; Mallinckrodt Baker, Deventer, Netherlands) before freezing to preserve the vitamin C concentration during storage. This mixture was stored at ca. -801C.
For the analysis of total cholesterol, LDL cholesterol, HDL cholesterol and triacylglycerol blood was collected in tubes containing clot activator and gel (Becton Dickinson, Vacutainer systems). Tubes were centrifuged within 15-30 min after collection at ca. 2000 Â g for 10 min at ca. 41C to obtain serum. After centrifugation, serum was removed and stored at ca. -201C.
Analysis of carotenoids, retinol and a-tocopherol in serum Serum samples were analyzed by HPLC as described by Broekmans et al (2002) . In short, samples were deproteinized by adding 500 ml sample to 500 ml ethanol (Nedalco, Bergen op Zoom, Netherlands) containing tocol (Matreya, Pleasant Gap, USA), which was used as internal standard. After mixing, 1.0 ml n-hexane (Merck, Darmstadt, Germany) was added and vortexed for 4 min. After centrifugation (2000 Â g, 10 min, 41C), 0.5 ml of the upper hexane layer was evaporated to dryness. The residue was dissolved in 0.5 ml of a mixture of methanol (Rathburn Chemicals, Walkerburn, UK), acetonitrile (Biosolve, Valkenswaard, Netherlands) and dichloromethane (Mallinckrodt Baker, Deventer, Netherlands). A 50 ml portion was injected on the HPLC system. Quality of the measurements was assessed by analyzing plasma quality control samples in each batch. The coefficients of variation in the quality control samples were for the analysis of lutein 3.7% (mean concentration: 0.16 mmol/l), zeaxanthin 11.5% (0.03 mmol/l), b-cryptoxanthin 8.3% (0.11 mmol/l), all-trans lycopene 6.2% (0.31 mmol/l), a-carotene 14.9% (0.05 mmol/l), b-carotene 5.8% (0.25 mmol/l), atocopherol 2.8% (20.9 mmol/l) and retinol 2.5% (1.6 mmol/l).
Separation was obtained by two C18 reversed-phase columns (250 mm Â 4.6 mm, 5 mm) in series, thermostatically controlled at 301C. The samples were eluted using a gradient consisting of methanol, acetonitrile, 2-propanol (Mallinckrodt Baker) and milliQ s (Millipore, Etten-Leur, Netherlands) at a flow rate of 1.5 ml/min. This HPLC system allowed simultaneous detection of retinoids, tocopherols and carotenoids as well as their isomers. Additionally, the diode array data provided spectral information for confirmation of the identity of the analytes.
Analysis of vitamin C in blood Vitamin C was analyzed by HPLC according to Broekmans et al (2002) . In short, vitamin C was extracted from whole blood using metaphosphoric acid (Mallinckrodt Baker). Samples were allowed to stand for 20 min at 41C to precipitate the proteins and to oxidize ascorbic acid to dehydroascorbic acid. After centrifugation samples were subsequently derivatized with 1,2-diaminobenzene (Merck) and injected on the HPLC system. In each series, blood quality control samples were analyzed to check for reproducibility. The reproducibility of the assay was 10%.
Analysis of serum lipids Serum triacylglycerols were analyzed by enzymatic hydrolysis with subsequent enzymatic determination of the liberated glycerol by colorimetry (commercial available kit; Boehringer, Mannheim, Germany). Total cholesterol was analyzed by enzymatic conversion to a stable chromogen, which can easily be detected by colorimetry (Boehringer, Mannheim, Germany). HDL cholesterol was analyzed by precipitation with polyethylene glycol, centrifugation and enzymatic detection by colorimetry (Boehringer, Mannheim, Germany), and LDL cholesterol was calculated using the Friedewald formula (Friedewald et al, 1972) .
Statistical analyses
The statistical software package SAS/STAT (release 6.12, SAS Institute, Cary, NC, USA) was used for data analysis. For analysis, variables were subdivided into phenotypical determinants (skin melanin content, hair color and iris color), lifestyle and demographic factors (gender, smoking, age and fruit and vegetable intake), and nutritional determinants (serum carotenoids and vitamins).
Linear regression modeling (General Linear Model (GLM)-procedure) was used to evaluate the associations between MED and these variables separately. Furthermore, the contribution of nutritional determinants to MED, after adjustment for potential confounders, was evaluated starting with the maximum model, including melanin index, total cholesterol, gender and the interaction terms (carotenoids/ vitamins Â gender) and (carotenoids/vitamins Â melanin index).
Since the significant interaction term b-carotene Â melanin, a class variable was created for melanin at the median level (r and 4470 a.u.) and the analyses were repeated. The influence of melanin on the associations between carotenoids and MED was not our hypotheses, but a possibly relevant finding to present.
Data of six volunteers were not included because four volunteers were not irradiated and two volunteers showed erythema responses at all irradiation doses. Iris color and hair color were not classified for all participants, so we presented the results of 290 volunteers for hair color of 322 volunteers for iris color. Two volunteers had a very high melanin index value (43 s.d. of the mean). We repeated the analyses after exclusion of the data of these two volunteers. All regression equations were the same.
Results
Study population
We aimed at recruiting a study population with a wide range of fruit and vegetable intake, including fruit juices. In the end, significantly higher serum levels of carotenoids and vitamins were found in the group, selected on high fruit and vegetable intake in comparison with the low fruit and vegetable group. However, in comparison with other countries, for example the United States and South European countries (Mares-Perlman et al, 2001; Olmedilla et al, 2001 ) the range in serum carotenoids was rather narrow.
The mean MED as was measured in 335 volunteers was 0.5670.20 sMED. Lifestyle and demographic factors of the study population and associations with MED are presented in Table 1 . Men displayed approximately 16% lower MED values than women (P ¼ 0.0001). No differences were observed in MED values between age categories (P ¼ 0.40), between smokers and nonsmokers (P ¼ 0.86), and between low and high fruit and vegetable consumption categories (P ¼ 0.07).
Phenotypical determinants
Mean values of MED for the different categories of phenotypical determinants (skin melanin index, hair color and iris color) in men and women are presented in Table 2 . Skin melanin index was associated with iris color both in men and women. Hair color was associated with skin melanin index in men only. Of course, these determinants are related to common genetic factors, resulting in inter-relations.
Positive associations between hair color, iris color and MED were found in men only. Skin melanin index was associated with MED in both men and women. Hair color and iris color may serve as proxy measurements of skin melanin index. Melanin index was measured in the skin, the target organ of the MED measurement. Therefore, we included skin melanin index in the regression models. The regression coefficient (7s.e.) of melanin index was 0.3670.04 per 100 a.u. in the univariate model with an explained variance (R 2 ) of 17%. In the multivariate model including melanin index and gender, the regression coefficients were 0.3970.04 per 100 a.u. and -0.1270.02 (men), respectively (R 2 ¼ 27%). Regression coefficients of iris color classes or hair color classes in the model including melanin index and gender were not significant, it did not contribute to the explained variance and did not affect the regression coefficients of melanin and gender. Both skin melanin index and gender were important independent predictors of MED and were included in the regression models to further evaluate the influence of nutritional determinants on MED.
Nutritional determinants
Mean concentrations of serum carotenoids and vitamins and regression coefficients in relation to MED are presented in Table 3 . No significant associations between MED and serum carotenoids or vitamins A and E after adjustment for total cholesterol, and gender were found in the total study group. Only vitamin C was inversely associated with MED after adjustment for gender. The contribution of serum carotenoids and vitamins separately on MED was evaluated after adjustment for melanin index, gender and total cholesterol: first, the model with the independent variables gender and total cholesterol, and the interaction terms (carotenoids/vitamins Â gender) and (carotenoids/vitamins Â melanin index). The regression coefficients (b) of the interaction term gender Â carotenoids was not significant for the different carotenoids, except for a-carotene. The interaction term carotenoids/vitamins Â melanin index was significant for b-carotene.
Owing to the significant interaction term b-carotene Â melanin, a class variable was created for melanin at the median level (r and 4470 a.u.).
In the model with the class variable for melanin, significant interaction terms were found between serum lutein, zeaxanthin, b-cryptoxanthin, a-carotene, b-carotene and the class variable for melanin. The interaction terms b-carotene Â gender and a-carotene Â gender were significant. Table 3 shows the regression coefficients of the model with the variables gender and total cholesterol of the carotenoids and vitamins in subjects with high and low melanin values. Positive trends were observed for subjects with high skin melanin values and negative trends for subjects with low skin melanin values. The regression coefficients in the low skin melanin group for a-carotene, b-carotene were À0.03270.031 (P ¼ 0.31) and 0.00670.007 (P ¼ 0.41) in Regression coefficient and standard error per 0.1 mmol/l for carotenoids and per 1 mmol/l for vitamins; models are adjusted for gender and total cholesterol. Model for vitamin C is adjusted for gender.
women and -0.05770.036 (P ¼ 0.11) and -0.01870.009 (P ¼ 0.04) in men, respectively. In the high skin melanin group, the regression coefficients for a-carotene and bcarotene were 0.12970.035 (P ¼ 0.0004) and 0.02670.011 (P ¼ 0.02) in women and -0.03470.030 (P ¼ 0.26) and À0.000570.011 (P ¼ 0.96) in men, respectively. The interactions between melanin and carotenoids could be influenced by gender differences in skin melanin content, but after exclusion of gender from the model, the product terms melanin Â carotenoids did not change. Therefore, we concluded that this interaction could not be explained by the difference in the gender distribution in skin melanin index. The regression coefficient of the class variable for melanin changed more than 10% after exclusion of gender. This could implicate confounding by gender.
The differences in MED values between men and women could be influenced by different serum concentrations of carotenoids. However, the regression coefficient (7s.e.) of gender in the multivariate model with gender, total cholesterol and carotenoids, separately was -0.1070.02. The regression coefficient of gender was the same as the regression coefficient in the bivariate model with only gender and total cholesterol as independent variables (b ¼ À0.10, s.e. ¼ 0.02). This means that difference between men and women in MED values cannot be explained by differences in serum carotenoid concentrations.
In summary, the main phenotypical determinant of UV sensitivity was skin melanin and men were more sensitive to UV irradiation than women. Associations between serum carotenoids and MED showed a positive trend in subjects with melanin values above and a negative trend in subjects below the median after adjustment for gender and total cholesterol. For serum a-and b-carotene, this pattern was only seen in women.
Discussion
The mean MED in this general population with a 'normal' dietary intake was 0.5670.20 sMED. Men had a lower MED value than women, which reflects higher sensitivity to UV irradiation. Skin melanin content was the main predictor of the MED in our study. Vitamin C was inversely associated with MED, unlike our hypothesis. Serum lutein, zeaxanthin, b-cryptoxanthin and lycopene concentrations were positively associated with MED after adjustment for gender and total cholesterol in subjects with high skin melanin and negatively associated in subjects with low skin melanin values. For serum a-carotene and b-carotene, this pattern was only seen in women.
These results are based on a large study group with a normal dietary intake. The serum concentrations of carotenoids and vitamins could reflect the usual dietary intake. There were several limitations of this study that may attenuate the results of this study. We selected Dutch volunteers with high and low fruit and vegetable consumptions in order to aim a broad range in carotenoid exposure. The absolute range in serum carotenoids is narrow in comparison with serum carotenoid concentrations in the United States and South European countries (Mares-Perlman et al, 2001; Olmedilla et al, 2001) . The evaluation of a large number of associations could cause that significant results are chance findings. Previous intervention studies showed both positive effects of supplementation of either b-carotene or a combination of carotenoids on UV sensitivity (MathewsRoth et al, 1972; Gollnick et al, 1996; Lee et al, 2000; Stahl et al, 2000) or no effect on UV sensitivity (Wolf et al, 1988; Garmyn et al, 1995) . The duration of the supplementation might be an important factor. In the studies, which showed a protective effect, the duration of the study was more than 10 weeks. All of these supplementation studies used a very high dosage of carotenoids and selected the volunteers on skin type. However, in a cross-sectional design, it is difficult to assess the temporal relationship between nutritional factors, for example, carotenoids and the dependent variable, in this case MED. Evaluation of the association between carotenoids and vitamins within a normal physiological range and MED were based on concentrations of these substances in serum, but not in the target tissue skin. However, it was previously shown that plasma and skin concentrations of carotenoids and a-tocopherol showed significant correlations, suggesting that the status of these micronutrients in skin may be estimated from the plasma concentrations (Peng et al, 1993 (Peng et al, , 1995 Stahl et al, 1998) .
The mean MED (0.56sMED) being below 1 sMED, may indicate that: (1) the Dutch subjects recruited in this study are on average more sensitive than a skin phototype II, or, more likely, (2) the buttock skin used for the MED test is more sensitive than other skin sites that are usually used for such a test. In our study, men had a lower MED value than women, which reflects higher sensitivity to UV irradiation in men. Several factors may account for this difference. One factor could be a difference in skin melanin index between men and women, suggesting that subjects with higher melanin content are less sensitive to UV light and have, therefore, higher MED values. Skin melanin content was significantly higher in men than in women in this study, 478726 and 472719 (P ¼ 0.03), respectively, which seemed to be in contrast to the lower MED observed in men. However, after exclusion of two male volunteers with a high skin melanin content, there was no difference in skin melanin content between men and women, 476720 and 472719 (P ¼ 0.08), respectively. This exclusion did not affect the significant higher MED values in women in comparison with men. Other factors that could have influence on the erythema reaction are basal erythema readings, age and previous sun exposure (Denham et al, 1995) . Mean age was the same in men and women. The other factors were not measured in this study. The buttock skin is normally not exposed heavily to UV irradiation, but we cannot exclude a minor influence of previous UV exposure. To our knowledge, the observed difference for UV sensitivity between men and women has never been reported. More studies with other biological parameters are required to confirm the gender difference in UV sensitivity.
Skin melanin content was the main predictor of the MED in our study. Melanin is a photoprotective agent in the target tissue skin, and therefore protects against the effects of UV irradiation (Riley, 1997) . In addition to melanin, antioxidants in skin (carotenoids and vitamins) may play an important role in skin protection against UV irradiation. The possible protective mechanisms are reflection, reaction with active oxygen species and quenching of radicals (Bast et al, 1998) .
Associations between serum carotenoids concentrations and UV sensitivity after adjustment for gender and total cholesterol were dependent on a threshold value of melanin. The influence of the serum carotenoids on UV sensitivity was not concealed in the gender effect, because the regression coefficient of gender did not change after inclusion of serum carotenoids, separately.
We do not have a clear biological explanation for the finding of a threshold value for skin melanin content on the association between serum carotenoids and MED. Although a role of melanin was not hypothesized in the association between carotenoids and MED, it is a possibly relevant finding to present. The combination of high melanin concentrations and carotenoids could be an important mechanism, especially where the maintenance of the carotenoid concentrations is vital to avoid deleterious effects of UV light, such as in the retina of the eye and the skin (Edge et al, 2000) . Therefore, it could not be excluded that melanin content might have an influence on the association between carotenoids and MED. However, the role of melanin on the association between serum carotenoids and MED could also be a chance finding.
All carotenoids are present in the skin, including lycopene with very high concentrations in the skin. Concentrations of b-carotene and lycopene in the skin are approximately 216797 and 126790 ng/g wet tissue in nonsmokers (Peng et al, 1995) . We could not confirm the strong positive influence of lycopene on erythema according to a nutritional supplementation study (Stahl et al, 2001 ). They reported a protection against UV light-induced erythema in humans after consumption of tomato paste (approximately 16 mg/day lycopene).
Although the efficacy of protection is not comparable to the protection factor of sunscreens, dietary intake of carotenoids could increase the basal protection of skin against erythema, suggested by others (Stahl et al, 2001 ). In our study, this basal protection was only attributable to subjects with high skin melanin content. More research to investigate the influence of nutritional compounds on sensitivity to UV light is necessary. Also, the possible influence of skin melanin on the association between nutritional compounds and sensitivity to UV light has to be studied.
Sun exposure is the main established risk factor for nonmelanoma skin cancer (Armstrong & Kricker, 2001) . Observational data on the relation between carotenoids and risk of nonmelanoma skin cancer are sparse and inconsistent (Kune et al, 1992; Wei et al, 1994; van Dam et al, 2000) . No effects were found in a large randomized trials of supplementation with b-carotene on nonmelanoma skin cancer (Greenberg et al, 1990; Frieling et al, 2000) . The relation between skin sensitivity to UV light, as measured by MED, and the resulting risk of skin cancer is not established. The marker is used as a sensitivity marker, indicating that subjects with low MED values have to be careful with high sun exposure.
From our results we conclude that men are more susceptible to UV irradiation than women. No associations between serum carotenoids and MED were found in the total study group. However, this association was modified by skin melanin content, although we do not have clear biological explanation for this. Serum carotenoid concentrations in a normal physiological range showed a positive trend with UV sensitivity in subjects with high melanin index and negative trend in subjects with low melanin index values. Dietary intervention studies are necessary to study the influence of nutritional compounds on the skin sensitivity to solar irradiation in both men and women and the possible interaction between nutritional compounds and melanin.
